Drug uptake and modulation of drug resistance in Leishmania by an aquaglyceroporin.
Leishmaniasis is a protozoan parasitic disease that affects 12 million people worldwide. The first line choice for the treatment of this disease is antimonial drugs. In the endemic regions, resistance to this class of drugs is a major impediment to treatment. Microbes often become resistant to drugs by mutation or down-regulation of uptake systems, but the uptake system for the antimonial drugs in Leishmania is unknown. In other organisms, aquaglyceroporins have been shown to facilitate uptake of trivalent metalloids. In this study, we report the identification and characterization of aquaglyceroporins from Leishmania major (LmAQP1) and Leishmania tarentolae (LtAQP1), respectively. These Leishmania proteins have the conserved signature motifs of aquaglyceroporins. Transfection of LmAQP1 into three species of Leishmania, L. tarentolae, Leishmania infantum, and L. major, produced hypersensitivity to both As(III) and Sb(III) in all three strains. Increased production of LmAQP1 was detected by immunoblotting. Drug-resistant parasites with various mutations leading to resistance mechanisms became hypersensitive to both metalloids after expression of LmAQP1. Increased rates of uptake of As(III) or Sb(III) correlated with metalloid sensitivity of the wild type and drug-resistant transfectants. Transfection of LmAQP1 in a Pentostam-resistant field isolate also sensitized the parasite in the macrophage-associated amastigote form. One allele of LmAQP1 was disrupted in L. major, and the resulting cells became 10-fold more resistant to Sb(III). This is the first report of the uptake of a metalloid drug by an aquaglyceroporin in Leishmania, suggesting a strategy to reverse resistance in the field.